Introduction & Methods
Incident. On March 3, 2013, at 1518 hours the FD was dispatched to a brush fire in a national wildlife refuge. The engine arrived at 1527 hours and the Chief arrived in his personally owned vehicle and assumed command of the scene at approximately the same time. The fire was burning in a large open field (primarily sagebrush and grass) and was threatening a building on the refuge property. The Chief was also concerned about the fire entering a tree line and jumping a road, thus threatening private property. The brush truck arrived on scene at 1544 hours.
Several personnel who reported to Command for their assignments noticed that the Chief was coughing and sweating. When questioned about his health, the Chief told members that he was getting over a cold.
At 1554 hours the Chief drove his vehicle a short distance (< 1 mile) from his command post to a Medic unit stationed at the entrance to the refuge. The Chief was gasping for air and vomiting as he walked from his vehicle to the ambulance. The paramedic assisted the Chief into the back of the ambulance and initial assessment revealed that the Chief was sweating profusely and had rapid respirations (> 30 breaths per minute; normal is 6-12 breaths per minute), an elevated heart rate (140 beats per minute; normal resting is 60 -100 beats per minute), and a markedly elevated blood pressure (226/199 millimeters of mercury [mmHg] ; normal is <120/80 mmHg). The Chief was immediately placed on oxygen using a non-rebreather mask. The paramedic radioed for assistance from another emergency medical technician (EMT) and a driver. As the two arrived, the ambulance departed the scene at 1605 hours to meet a medical helicopter to transport the Chief to the nearest hospital (46 miles away).
While en route the Chief went into respiratory and cardiac arrest. CPR was initiated. After suctioning the Chief's airway to remove the vomitus, the paramedic inserted an oropharyngeal tube and ventilated the Chief with oxygen using a bag and mask. The EMT attached the automated external defibrillator leads onto the Chief's chest, but no shock was advised. The paramedic attempted orotracheal intubation but was unsuccessful. Membership. Potential members must have a driver's license and be 18 years of age; junior members may join at 14 years of age but have limited responsibilities. Potential members are required to attend three business meetings, which are held monthly, before the members vote.
Medical Evaluations/Medical Clearance. The FD does not require pre-placement or periodic medical evaluations. The FD does not require a medical clearance for return to work following an injury or illness.
Fitness/Wellness Programs. The FD has exercise equipment at the fire station but does not provide a fitness or wellness program.
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Discussion
Coronary Heart Disease. The most common risk factor for cardiac arrest and sudden cardiac death is CHD, defined as the build-up of atherosclerotic plaque in the coronary arteries [AHA 2012] . Risk factors for CHD include three non-modifiable factors (age older than 45, male gender, and family history of CHD) and six modifiable factors (smoking, hypertension, high blood cholesterol, obesity, physical inactivity, and diabetes mellitus) [National Cholesterol Education Program 2002; AHA 2012; ] . The Chief had five of these risk factors (male, family history of CHD, diabetes mellitus, hypertension, and obesity).
The narrowing of the coronary arteries by atherosclerotic plaques occurs over many years, typically decades [Libby 2008 ]. However, the growth of these plaques probably occurs in a nonlinear, often abrupt fashion [Shah 1997 ]. Most heart attacks occur when a vulnerable plaque ruptures, causing a blood clot to form and occlude a coronary artery. Establishing a recent (acute) heart attack requires one or more of the following: characteristic electrocardiogram (EKG) changes, elevated cardiac enzymes, or coronary artery thrombus. In this case, the Chief did not have a heart rhythm to conduct an EKG tracing, he died before cardiac enzymes would become elevated, and no thrombus was identified at autopsy. However, heart attacks can occur without evidence of a coronary thrombus [Davies 1992; Farb et al. 1995] . Thus, although a heart attack is unlikely, it cannot be ruled out.
Heart Failure. Heart failure is the inability of the heart to pump enough blood to meet the body's needs [Mann 2008 ]. Fatigue, shortness of breath, and dyspnea on exertion are the most common initial presentations of heart failure. Because the body can compensate for impaired cardiac function, a person with heart failure can be asymptomatic. Conditions that commonly cause or exacerbate heart failure symptoms include chronic hypertension, hypertensive crisis (rapid acute elevation of blood pressure), myocardial infarction, discontinuation of heart failure medication, cardiac arrhythmias, pulmonary embolus, heat stress, and physical overexertion. The Chief probably had chronic heart failure as evidenced by his massively enlarged heart (severe cardiomegaly) and left ventricular hypertrophy (LVH). His acute onset of respiratory distress (pulmonary edema) was probably an acute exacerbation of his heart failure due to hypertensive crisis (his initial blood pressure was 226/199 mmHg). However, ischemia, a heart attack, or a primary cardiac arrhythmia cannot be ruled out.
Cardiomegaly/Left Ventricular Hypertrophy. The autopsy revealed that the Chief had cardiomegaly and biventricular hypertrophy, with the left ventricle being severely hypertrophied (2.3 cm). Both conditions independently increase the risk for sudden cardiac death [Levy et al. 1990 ]. Hypertrophy of the left ventricle is relatively common among individuals with long-term hypertension, a heart valve problem, or chronic cardiac ischemia (reduced blood supply to the heart muscle) [Siegel 1997] . The Chief had a history of hypertension and probably had ischemia due to his underlying coronary artery disease (CAD). Therefore, both conditions probably caused his marked cardiomegaly and LVH. On the basis of the lack of characteristic histologic findings on autopsy, the medical examiner determined that hypertrophic cardiomyopathy was not a cause of his cardiomegaly [Ho and Seidman 2006] .
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Sudden Cardiac Death. The Chief's sudden cardiac death was probably an acute exacerbation of undiagnosed heart failure precipitated by any of the following: hypertensive crisis, ischemia, a heart attack, or a primary cardiac arrhythmia. Epidemiologic studies have found that heavy physical exertion sometimes immediately precedes and triggers sudden cardiac death [Albert et al. 2000] . Sudden cardiac events in fire fighters have been associated with alarm response, fire suppression, and heavy exertion during training (including physical fitness training) [Kales et al. 2003; Kales et al. 2007; NIOSH 2007] . Some authors have also suggested that activation of the sympathetic nervous system (adrenaline surge) associated with alarm response and emergency operations may contribute to the triggering of cardiac events in fire fighters [Soteriades et al. 2011] . It is unclear if being incident commander at this brush fire could have generated the physical or emotional stress needed to trigger the Chief's sudden death. The standard states that fire fighters with diabetes mellitus that is controlled by diet, exercise, or oral hypoglycemic agents should be restricted from duty unless the member meets all of the following criteria:
Occupational Medical Standards for
• has had hemoglobin A1C measured at least four times a year over the last 12 months prior to evaluation if the diagnosis of diabetes has been present over 1 year. Hemoglobin A1C readings ≥ 8% shall trigger a medical evaluation to determine if another condition is responsible for the elevated hemoglobin A1C. In addition,a set schedule for blood glucouse monitoring and a thorough review of that data shall occur • if on oral hypoglycemic agents, has had no episodes of severe hypoglycemia (defined as requiring assistance of another person in the preceding year)
Discussion (cont.)
• has achieved a stable blood glucose as evidenced by hemoglobin A1C level < 8% during the prior 3-month period • has a dilated retinal exam by a qualified ophthalmologist or optometrist that shows no higher grade of diabetic retinopathy than microaneurysms • has normal renal function on the basis of a calculated creatinine clearance > 60 milliliters per minute and absence of proteinuria • has no autonomic or peripheral neuropathy • has normal cardiac function without evidence of myocardial ischemia on cardiac stress testing (to at least 12 METs) by EKG and cardiac imaging. 
*Risk factors are defined as hypercholesterolemia (total cholesterol > 240 milligrams per deciliter), hypertension (diastolic blood pressure > 90 mm of mercury), smoking, diabetes mellitus, or family history of premature CAD (heart attack or sudden cardiac death in a firstdegree relative less than 60 years old).
The American College of Cardiology/American Heart Association (ACC/AHA) has also published exercise testing guidelines [Gibbons et al. 2002] . The ACC/AHA guideline states the evidence is "less well established" (Class IIb) for the following groups:
• persons with multiple risk factors (defined similarly to those listed by the NFPA) • asymptomatic men older than 45 years and women older than 55 years: ○ who are sedentary and plan to start vigorous exercise ○ who are involved in occupations in which impairment might jeopardize public safety (e.g., fire fighters) ○ who are at high risk for CAD due to other diseases (e.g., peripheral vascular disease and chronic renal failure)
The U.S. Department of Transportation provides guidance for those seeking medical certification for a commercial driver's license. An expert medical panel recommended exercise tolerance tests (stress tests) for asymptomatic "high risk" drivers [Blumenthal et al. 2007 ]. The panel defines high risk drivers as those with any of the following:
• diabetes mellitus • peripheral vascular disease • age 45 and above with multiple risk factors for coronary heart disease
• Framingham risk score predicting a 20% coronary heart disease event risk over the next 10 years
The U.S. Preventive Services Task Force (USP-STF) does not recommend stress tests for asymptomatic individuals at low risk for CHD events. For individuals at increased risk for CHD events, the USPSTF found "insufficient evidence to recommend for or against routine screening with EKG, exercise tolerance test, or electron beam computerized tomography scanning …" Rather, they recommend the diagnosis and treatment of modifiable risk factors (hypertension, high cholesterol, smoking, and diabetes) [USPSTF 2004 ]. The USPSTF does note that "For people in certain occupations, such as pilots, and heavy equipment operators (for whom sudden incapacitation or sudden death may endanger the safety of others), consideration other than the health benefit to the individual patient may influence the decision to screen for coronary heart disease."
In summary, despite the Chief's relatively young age (< 45 years), available guidelines indicate that an exercise stress test was appropriate given the number and severity of his CHD risk factors. Specifically, NFPA 1582 recommends that a stress test be performed for individuals with diabetes mellitus or metabolic syndrome because of the greater risk of cardiovascular disease in individuals with these conditions. Had a stress test been performed, perhaps his underlying CHD could have been identified and subsequently treated.
Recommendations
NIOSH investigators offer the following recommendations to reduce the risk of on-the-job heart attacks and sudden cardiac arrest among fire fighters. [Dempsey et al. 2002; Womack et al. 2005; Blevins et al. 2006] . A study conducted by the Oregon Health and Science University reported a savings of more than $1 million for each of four large fire departments implementing the IAFF/IAFC wellness/fitness program compared to four large fire departments not implementing a program. These savings were primarily due to a reduction of occupational injury/illness claims with additional savings expected from reduced future nonoccupational healthcare costs [Kuehl et al. 2013 
